



PALLIATIVE CARE IN ACUTE MYELOID LEUKEMIA- A COMPREHENSIVE REVIEW



ABSTRACT
Acute myelomonocytic leukemia (AMML) is a subtype of acute myeloid leukemia (AML) characterized by the excessive proliferation of myeloblasts and monoblasts in the bone marrow and bloodstream. This proliferation disrupts normal blood cell production, leading to symptoms such as anemia, thrombocytopenia, and neutropenia. Patients often experience fatigue, frequent infections, easy bruising, and shortness of breath due to the lack of healthy red and white blood cells. The condition poses significant health risks, as the abnormal white blood cells are ineffective in fighting infections, resulting in increased susceptibility to illnesses. The classification of AML, including AMML, is primarily done through two systems: the French-American-British (FAB) classification and the World Health Organization (WHO) classification. The FAB system categorizes AML based on cell morphology and maturation, while the WHO system incorporates genetic abnormalities and other prognostic factors. Key classifications include AML with recurrent genetic abnormalities, therapy-related myeloid neoplasms, and AML not otherwise specified. Understanding these classifications is crucial for determining treatment approaches and expected outcomes, as certain genetic mutations are associated with different prognoses.
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1. INTRODUCTION
Acute myelomonocytic leukemia (AMML), a variant of acute myeloid leukemia (AML), is marked by the excessive growth of myeloblasts and monoblasts within the bone marrow and bloodstream. This disorder results in various symptoms primarily stemming from the insufficient production of healthy blood cells, leading to conditions such as anemia, thrombocytopenia, and neutropenia. [1]
Acute myeloid leukemia (AML) is a rapidly progressing form of leukemia that originates from very immature white blood cells known as myeloblasts. It is also referred to as acute myelogenous leukemia. As these myeloblasts proliferate, they occupy space in the bone marrow, inhibiting the production of normal blood cells. A deficiency in red blood cells, termed anemia, can manifest as paleness, breathlessness, and fatigue. Thrombocytopenia, characterized by a low platelet count, may result in easy bruising or bleeding.[2]
2. CLASSIFICATION OF AML
Acute myeloid leukemia (AML) is classified into several categories based on genetic abnormalities, clinical features, and morphologic features. The two primary classification systems used are the French-American-British (FAB) classification and the World Health Organization (WHO) classification were described in Table 1 with version and key features of system.
Table 1 with version and key features of system.

	Classification System
	Versions
	Key features

	WHO
	2001
	Emphasis on morphology, cytogenetics
- Specific genetic translocations such as t(8;21)(q22;q22.1), inv(16)(p13.1q22), and t(15;17)(q24;q21) were recognized as distinct AML subtypes with specific clinical features and prognostic implications

	
	2008
	Inclusion of AML with NPM1 mutation
- Inclusion of AML with CEBPA mutation
- Refined the criteria for AML with multilineage dysplasia (AML-MDS)
- Details on therapy-related AML, specifying different subtypes
- Clarification and expansion of AML not otherwise specified (AML NOS)

	
	2016
	Expanded genetic and molecular abnormalities: mutated RUNX1, AML with BCR-ABL1 - Categorized therapy-related AML (t-AML) under the broader category of “therapy-related myeloid neoplasms” - Refined myelodysplastic/myeloproliferative neoplasms (MDS/MPN) and mixed-phenotype acute leukemia (MPAL)

	
	2022
	Refinement of genetic entities. Genes like NPM1, CEBPA, RUNX1, and others are based on updated research on their clinical significance - New recognized entities - Revised diagnostic criteria, updated blast count, and AML-defining abnormalities. - Terminology updates
Focus on actionable mutations

	ICC
	2022 Single version
	Aims for broader clinical relevance and universal applicability
Distinct AL subtypes based on molecular integrations. NPM1, CEBPA, TP53, FLT3 and others
Alignment with other classification systems
Flexible framework for future advances

	ELN
	2010
	Primarily a risk stratification system rather than a detailed classification - Divides AML into favorable, intermediate 1 and 2, and adverse risk groups based on cytogenetic including t(8;21), inv(16), and t(15;17) for favorable risk, and complex karyotype or monosomal karyotype for adverse risk

	
	2017
	Continued the risk stratification framework, with favorable, intermediate, and adverse - Expanded genetic markers, RUNX1, ASXL1, and TP53 - FLT3-ITD refinements. A high allelic ratio of FLT3-ITD was classified as adverse, while a low ratio was considered intermediate when combined with other genetic factors

	
	2022
	The classification recognized the increasing importance of next-generation sequencing (NGS) in identifying genetic mutations that impact prognosis - New genetic markers such as DTA (DNMT3A, TET2, ASXL1) mutations were considered, particularly in relation to clonal hematopoiesis, and their role in risk stratification was further clarified - Personalized treatment emphasis.



2.1 FAB Classification
The FAB classification system categorizes AML based on morphology and the maturation of leukemic cells. The subtypes include:
· M0: Undifferentiated acute myeloblastic leukemia
· M1: Acute myeloblastic leukemia with minimal maturation
· M2: Acute myeloblastic leukemia with maturation
· M3: Acute promyelocytic leukemia (APL)
· M4: Acute myelomonocytic leukemia
· M4eo: Acute myelomonocytic leukemia with eosinophilia
· M5: Acute monocytic leukemia
· M6: Acute erythroid leukemia
· M7: Acute megakaryoblastic leukemia [5,7]
2.2 WHO Classification
The WHO classification system incorporates genetic abnormalities and other factors affecting prognosis. It categorizes AML into the following groups:
· AML with Recurrent Genetic Abnormalities
· Examples include:
· AML with t(8;21)(q22;q22.1): RUNX1-RUNX1T1 fusion
· APL with PML-RARA fusion associated with t(15;17)
· AML with inv(16)(p13.1;q22): CBFB-MYH11 fusion
· AML with Myelodysplasia-Related Changes (AML-MRC)
· This includes AML that develops in patients with a history of myelodysplastic syndromes.
· Therapy-Related Myeloid Neoplasms
· This category includes AML that arises as a result of previous chemotherapy or radiation therapy for other malignancies.
· AML Not Otherwise Specified (NOS)
· This category encompasses cases that do not fit into the defined classifications above and may include various subtypes based on morphology.
· Myeloid Sarcoma
· A tumor composed of myeloid cells occurring outside the bone marrow.
· Myeloid Proliferations Related to Down Syndrome
· Includes conditions such as transient abnormal myelopoiesis and acute megakaryoblastic leukemia associated with Down syndrome. [6,7,8]
2.3 Classification of Acute Myeloid Leukemia (AML) based on genetic factor
1. AML with Recurrent Genetic Abnormalities 
· This category encompasses AMLs characterized by specific chromosomal abnormalities or mutations that impact prognosis and treatment. Examples include: 
· Acute Promyelocytic Leukemia (APL): Identified by the PML-RARA fusion gene associated with t(15;17). 
· AML with t(8;21): Involves the RUNX1-RUNX1T1 fusion. 
· AML with inv(16): Linked to the CBFB-MYH11 fusion. 
2. AML with Defining Genetic Mutations 
· This classification highlights the presence of specific mutations that define the disease, such as: 
· NPM1 mutations: Often correlated with a favorable prognosis. 
· FLT3 mutations: Including FLT3-ITD and FLT3-TKD, associated with poorer outcomes. 
3. Therapy-Related AML 
· This category refers to AML that occurs as a result of prior chemotherapy or radiation therapy for other cancers, typically associated with complex karyotypes and poor prognosis. 
4. Myelodysplasia-Related Changes (MRC) 
· AML that develops in patients with a history of myelodysplastic syndromes (MDS) or myeloproliferative neoplasms (MPNs), often exhibiting dysplastic features in the bone marrow. 
5. Acute Myeloid Leukemia Not Otherwise Specified (AML-NOS) 
· This category includes AML cases that do not align with the above classifications and may require additional investigation to determine specific characteristics. [9,10]
2.4 Classification of Acute Myeloid Leukemia (AML) Based on Severity 
Acute Myeloid Leukemia (AML) can be categorized by severity, reflecting its genetic traits, clinical features, and prognosis. Below are the primary classifications of AML based on severity, including examples and clinical implications: 
1. Low-Risk AML 
Description: This category comprises patients with favorable genetic mutations and a lower percentage of blasts. 
Examples: 
· Patients with NPM1 mutations without FLT3-ITD. 
· AML associated with t(8;21) or inv(16). 
· Clinical Implications: These patients typically experience better outcomes and may respond favorably to standard chemotherapy regimens. 
2. Intermediate-Risk AML 
Description: This group includes patients with mixed genetic features or those lacking specific high-risk mutations. 
Examples: 
· Patients with normal cytogenetics or mutations such as FLT3-TKD. 
· AML with complex karyotypes but without high-risk characteristics. 
· Clinical Implications: Patients in this category may necessitate more intensive treatment approaches and closer supervision. 
3. High-Risk AML 
Description: This category incorporates patients with adverse genetic mutations and elevated blast counts. 
Examples: 
· Patients with FLT3-ITD mutations, TP53 mutations, or complex karyotypes. 
· Therapy-related AML (t-AML) that occurs following previous cancer treatments. 
· Clinical Implications: These patients often face a poorer prognosis and may significantly benefit from stem cell transplantation and innovative targeted therapies. 
4. Secondary AML 
Description: This includes AML that arises as a progression from prior hematological disorders, such as myelodysplastic syndromes (MDS). 
Examples: 
· Patients transitioning from MDS to AML, especially those with 10-19% blasts in the bone marrow. 
· Clinical Implications: Secondary AML is frequently linked to a worse prognosis due to previous disease and treatment background. [6,10,12]

3. MECHANISM OF ACTION
The general mechanism of action of Acute Myeloid leukemia provided as flow mechanism. The various mechanisms are responsible for the AML on body system were briefly accounted on table 2.
Genetic Mutations or Epigenetic Changes
↓
Aberrant Hematopoiesis
- Mutations in genes like FLT3, NPM1, or RUNX1
- Dysregulation of transcription factors and signaling pathways
↓
Clonal Expansion of Myeloid Precursors
- Accumulation of immature myeloid cells in bone marrow
- Proliferation of monocytes and neutrophil precursors
↓
Bone Marrow Failure
- Suppression of normal hematopoiesis
- Cytopenias (anemia, thrombocytopenia, neutropenia)
↓
Release of Leukemic Cells into Peripheral Blood
- Circulation of myeloblasts and monoblasts
- Leukocytosis and abnormal blood smears
↓
Infiltration of Tissues and Organs
- Liver, spleen, lymph nodes, and skin involvement
- Formation of myeloid sarcomas (tumor masses of myeloid cells)
↓
Clinical Symptoms
- Fatigue, fever, infections, bleeding, and weight loss
TABLE 2 VARIOUS MECHANISM OF ACTION OF AML
	Mechanism
	Description
	Impact on Body Systems

	Clonal Expansion of Hematopoietic 
Cells [1,13]
	Caused by mutations in hematopoietic stem cells (HSCs), resulting in the proliferation of abnormal myeloblasts and monoblasts that fail to mature into functional blood cells.
	Results in decreased production of healthy blood cells, causing anemia, increased bleeding, and susceptibility to infections.

	Leukemia Stem Cells (LSCs) [14,15]
	LSCs possess self-renewal capabilities and are resistant to conventional therapies, contributing to disease persistence and relapse.
	LSCs can evade immune detection, leading to sustained disease progression despite treatment efforts.

	Bone Marrow Microenvironment (BMM) 
Interaction [14,16]
	The BMM provides a supportive niche for LSCs, promoting their survival through interactions with stromal cells and signaling pathways (e.g., CXCR4/CXCL12 axis).
	Disruption of normal hematopoiesis, leading to further complications like organomegaly due to overcrowding by leukemic cells.

	Hypoxia-Induced Adaptations [14, 16]
	Hypoxic conditions in the bone marrow stimulate the expression of hypoxia-inducible factors (HIF-1α), which enhance cell survival and promote angiogenesis to supply nutrients to rapidly growing leukemic cells.
	Increased angiogenesis can lead to vascular complications and further support tumor growth within the marrow.

	Genetic Mutations and Pathways [1,13]
	Mutations in genes such as FLT3, NPM1, and others lead to aberrant signaling pathways that promote cell proliferation and inhibit differentiation, contributing to the aggressive nature of AML.
	Alters normal cellular functions and increases the risk of secondary malignancies due to genetic instability.

	Hypoxia-Induced Adaptations [14,16]
	Hypoxic conditions in the bone marrow stimulate the expression of hypoxia-inducible factors (HIF-1α), which enhance cell survival and promote angiogenesis to supply nutrients to rapidly growing leukemic cells.
	Increased angiogenesis can lead to vascular complications and further support tumor growth within the marrow.

	Genetic Mutations and Pathways [1,13]
	Mutations in genes such as FLT3, NPM1, and others lead to aberrant signaling pathways that promote cell proliferation and inhibit differentiation, contributing to the aggressive nature of AML.
	Alters normal cellular functions and increases the risk of secondary malignancies due to genetic instability.




4. GENERAL SYMPTOMS OF AML
The symptoms of AMML can vary among individuals but typically include:
· Fatigue and weakness: Patients often experience significant fatigue and general weakness due to anemia, which is a lack of red blood cells. 
· Fever: A persistent or recurring fever can be caused by an infection or the disease itself. 
· Frequent infections: It is common to have a low white blood cell count (neutropenia), which increases your susceptibility to infections. 
· Easy bruising and bleeding: Thrombocytopenia causes easy bruising and prolonged bleeding from small cuts, nosebleeds, and bleeding gums. 
· Pale skin: A low red blood cell count can cause a person to appear pale or gaunt. 
· Shortness of breath: Patients may experience shortness of breath, especially during physical activity, due to anemia. 
· Bone or joint pain: Leukemia cells may invade these areas, causing discomfort. 
· Bloating: An enlarged liver or spleen may cause a feeling of fullness in the 
abdomen. [1,2,3,4]

5. PHASES OF SYMPTOMS FOR AML ON DIFFERENT AGE GROUP OF POPULATION
The phases of symptoms for acute myelomonocytic leukemia on different age groups of population were given in table 3.
TABLE 3 PHASES OF SYMPTOMS ON AML
	Age Group
	Phase
	Symptoms
	Description

	Children 
(0-18 years) [24]
	Early Phase
	Fatigue, fever, easy bruising, joint pain
	Common symptoms include fatigue, fever, and easy bruising. Children may also experience bone or joint pain, indicating potential leukemic infiltration.

	
	Progressive Phase
	Petechiae, swollen lymph nodes, abdominal fullness
	As the disease advances, children may develop petechiae (small red spots), swollen lymph nodes, and a sensation of fullness in the abdomen from organ enlargement.

	
	Advanced Phase
	Painless lumps (leukemia cutis), loss of appetite
	In advanced stages, skin manifestations such as leukemia cutis and significant weight loss due to decreased appetite may be evident.

	Young Adults (19-39 years) [25]
	Early Phase
	Fatigue, night sweats, fever
	Symptoms frequently include fatigue and night sweats, which may be misattributed to other conditions.

	
	Progressive Phase
	Easy bruising and bleeding, shortness of breath
	Increased tendencies for bleeding and respiratory issues may emerge as the disease progresses.

	
	Advanced Phase
	Bone pain, frequent infections
	Advanced disease can cause severe bone pain and recurrent infections due to low white blood cell counts.

	Adults (40-64 years) [25]
	Early Phase
	Fatigue, weakness, pallor
	Adults typically present with fatigue and pallor from anemia; they may also experience unexplained fevers.

	
	Progressive Phase
	Easy bruising or bleeding, increased infections
	Symptoms related to thrombocytopenia become more pronounced, resulting in easy bruising and a heightened risk of infections.

	
	Advanced Phase
	Splenomegaly or hepatomegaly, significant weight loss
	Organ enlargement can occur in later stages, along with substantial weight loss due to the systemic effects of leukemia.

	Older Adults (65+ years) [26]
	Early Phase
	Fatigue, weakness, frequent infections
	Older adults may display general weakness and a greater susceptibility to infections as initial signs.

	
	Progressive Phase
	Anemia symptoms (dyspnea on exertion), easy bruising
	Symptoms of anemia become more pronounced; older patients are at an increased risk for complications due to comorbidities.

	
	Advanced Phase
	Severe bone pain, confusion
	Advanced stages may cause severe discomfort from bone infiltration and possible neurological symptoms such as confusion due to leukemic infiltration in the central nervous system.



6. SIGNALING PATHWAYS INVOLVED IN AML 
Acute myelomonocytic leukemia (AMML) and other variants of acute myeloid leukemia (AML) are defined by multiple crucial signaling pathways that enhance cell survival, proliferation, and resistance to apoptosis were briefly presented in table 4.
TABLE 4 KEY SIGNALING PATHWAYS INVOLVED IN AML CELL SURVIVAL AND PROLIFERATION
	Signaling Pathway
	Description
	Role in AML

	PI3K/AKT/mTOR Pathway [17]
	This pathway is essential for cellular growth and survival. Activation of AKT enhances cell proliferation and inhibits apoptosis by regulating proteins such as Mcl-1.
	Promotes AML cell survival and resistance to therapy; PI3K inhibitors enhance anti-leukemic activity.

	MAPK/ERK Pathway [18]
	The RAS/RAF/MEK/ERK signaling cascade governs cell proliferation, differentiation, and survival. Mutations in RAS genes result in the constitutive activation of this pathway.
	Enhances proliferation and inhibits apoptosis; targeted therapies against this pathway show promise in AML.

	JNK Signaling Pathway [19]
	The c-Jun N-terminal kinase (JNK) pathway is integral to stress responses and apoptosis. Its dysregulation can lead to a reduction in pro-apoptotic signals in AML cells.
	Suppression of JNK activity is linked to drug resistance; targeting this pathway may restore apoptosis.

	CREB Signaling [17]
	Cyclic AMP Response Element Binding Protein (CREB) facilitates cell survival and proliferation through gene regulation. Its expression is frequently elevated in AML cells, which contributes to a poor prognosis.
	CREB overexpression is associated with increased proliferation; potential therapeutic target in AML.

	Bcl-2 Family Proteins [20]
	These proteins regulate apoptosis, with anti-apoptotic members (e. g. , Bcl-2, Mcl-1) inhibiting cell death. Overexpression of these proteins is prevalent in AML, leading to resistance against chemotherapy.
	High levels of anti-apoptotic proteins support leukemic cell survival; BH3-mimetics are being explored as treatments.

	Hedgehog Signaling Pathway [20]
	This pathway is involved in stem cell maintenance and has been linked to the survival of leukemia stem cells (LSCs). Aberrant activation can aid in the persistence of LSCs in AML.
	Targeting this pathway may help eliminate LSCs and reduce relapse rates in AML patients.




7. MEDICATION THERAPY USED IN AML
The management of acute myelomonocytic leukemia (AMML) entails the use of multiple chemotherapy agents, targeted therapies, and supportive medications. The various Medication Therapy Used in Acute Myelomonocytic Leukemia (AMML) with Mechanisms and Dosage are provided in table 5.
TABLE 5 MEDICATION THERAPY USED IN AML
	Medication
	Type
	Mechanism of Action
	Dosage
	Administration Route

	Cytarabine (Ara-C) [21]
	Chemotherapy
	A pyrimidine analog that disrupts DNA synthesis by integrating into DNA and causing chain termination, resulting in the apoptosis of rapidly dividing leukemic cells.
	100-200 mg/m²/day for 7 days (continuous IV infusion)
	Intravenous (IV) or subcutaneous

	Daunorubicin [21]
	Chemotherapy
	An anthracycline that intercalates into DNA, inhibiting topoisomerase II, which obstructs DNA replication and transcription, ultimately leading to cell death.
	60-90 mg/m² on days 1-3 
	IV

	Idarubicin [21]
	Chemotherapy
	Similar to daunorubicin, it intercalates into DNA and inhibits topoisomerase II, promoting apoptosis in leukemic cells.
	12 mg/m² on days 1-3 
	IV

	Midostaurin (Rydapt) [22]
	Targeted Therapy
	A FLT3 inhibitor that obstructs the FLT3 receptor tyrosine kinase signaling pathway, frequently mutated in AML, which results in decreased proliferation and increased apoptosis.
	50 mg orally twice daily (for 14 days)
	Oral

	Gemtuzumab ozogamicin (Mylotarg) [22]
	Targeted Therapy
	A monoclonal antibody conjugated to a cytotoxic agent targeting CD33 on AML cells; it delivers the drug directly into the cells, inducing cell death.
	6 mg/m² on day 1; repeat every 28 days
	IV

	Ivosidenib (Tibsovo) [22]
	Targeted Therapy
	An IDH1 inhibitor that targets the mutated IDH1 enzyme, reversing the production of the oncometabolite 2-hydroxyglutarate (2-HG), thereby promoting differentiation of leukemic cells.
	500 mg orally once daily
	Oral

	Enasidenib (Idhifa) [22]
	Targeted Therapy
	An IDH2 inhibitor that similarly targets mutant IDH2 enzymes to lower 2-HG levels and encourage differentiation of AML cells.
	100 mg orally once daily
	Oral

	Venetoclax (Venclexta) [21,23]
	Targeted Therapy
	A BCL-2 inhibitor that induces apoptosis in leukemic cells by counteracting the anti-apoptotic effects of BCL-2 proteins, enhancing chemotherapy efficacy.
	Start at 100 mg orally daily; increase to 400 mg
	Oral

	Azacitidine (Vidaza) 
[21, 23]
	Hypomethylating Agent
	Incorporates into RNA and DNA, inhibiting DNA methyltransferase activity; this leads to reactivation of silenced genes and encourages differentiation of leukemic stem cells.
	75 mg/m² subcutaneously or IV for 7 days every 28 days
	Subcutaneous or IV

	Decitabine (Dacogen) [21,23]
	Hypomethylating Agent
	Similar to azacitidine, it inhibits DNA methylation and promotes gene expression alterations that can result in differentiation and apoptosis in AML cells.
	15 mg/m² IV over 1 hour for 5 days every 28 days
	IV



8. PREVENTION
Acute Myelomonocytic Leukemia (AML) is a form of acute myeloid leukemia distinguished by the proliferation of myeloblasts and monoblasts. While the precise causes of AML remain incompletely understood, certain factorsincluding exposure to ionizing radiation, occupational and environmental carcinogens, and toxinsmay elevate the risk. 
· Routine Blood Testing: Early identification through routine blood tests can aid in detecting asymptomatic individuals, as 20%-30% of patients may initially present without symptoms. [27]
· Avoidance of Risk Factors: Reducing exposure to ionizing radiation, occupational and environmental carcinogens, and toxins may help lower the risk of developing AML. [27]
· Prophylactic Measures: The administration of fluoroquinolones (FQs) and antifungal prophylaxis can diminish the risk of infections in patients with severe neutropenia. [28]

9. TREATMENT
The percentage of treatment process used in AML are graphically represented on figure 1.
	· Early diagnosis and timely treatment are crucial for improving the prognosis of AML.[29]

· AML is typically treated with chemotherapy and bone marrow/stem cell transplant.



· Chemotherapy: The primary treatment for AML involves chemotherapy to kill cancer cells.27 In the case presented, the patient received standard induction therapy with cytarabine and idarubicin.30 The study mentions the use of cytosine arabinoside (ara-C) and daunorubicin (DNR) in various regimens. [31]

· Stem Cell Transplant: Hematopoietic stem cell transplantation (HSCT) is often used as a curative treatment for AML, especially in cases where chemotherapy alone is insufficient.
· Supportive Care: Advances in supportive care during transplantation have improved outcomes by reducing treatment-related mortality (TRM).30Zolendronic acid was administered for hypercalcemia, and bisphosphonates were used to manage bone-related complications.[30]
· Targeted Therapy: New therapeutic agents targeting specific genetic mutations and pathways involved in AML are being developed and show promise in improving treatment outcomes.[27]
· Radiation Therapy: Local radiation was used to relieve symptoms of granulocytic sarcoma in the joint space.
· Salvage Therapy: When the leukemia was found to be refractory to initial chemotherapy, salvage therapy with mitoxantrone and etoposide was initiated.

	· Pain Management: Pain from granulocytic sarcoma was managed with chemotherapy and local radiation.[30]
· Induction Therapy: Four regimens were tested, with the 7-day ara-C infusion combined with DNR showing the highest complete remission (CR) rates. Patients under 60 years had a 59% CR rate with this regimen. [31,32]
· Maintenance Therapy: After achieving remission, maintenance therapy with ara-C and other drugs (thioguanine, cyclophosphamide, CCNU, and DNR) was used to prevent relapse. Subcutaneous (s.c.) administration of ara-C was found to be more effective than intravenous (i.v.) bolus, with a median remission duration of 18 months for s.c. ara-C compared to 8 months for i.v. ara-C. [31]
· Surgical Intervention: The patient underwent spinal surgery for the removal of epidural lesions and stabilization of the spine.[33]
· Leukocytapheresis: This procedure is used to quickly decrease a patient’s circulating blast count, which can prevent the development of leukostasis and provide symptomatic relief. It is primarily used in AML but also in other leukemias with hyperleukocytosis.[34]
· Allogeneic Hematopoietic Cell Transplantation (allo HCT): This is the only curative therapy for MDS and MPN. The study explored the use of TLI-ATG conditioning to establish donor hematopoiesis necessary for the graft-versus-malignancy effect while minimizing direct cytotoxicity against myeloid diseases. [33,35]
· Graft-Versus-Host Disease (GVHD) Prophylaxis: GVHD prophylaxis consisted of cyclosporine A (CsA) and mycophenolate mofetil (MMF). The study reported a low incidence of acute GVHD (14%) and chronic GVHD (33%). [35]



FIGURE 1 Treatments carried out for AML

10. EPIGENETIC EFFECT OF AML 
Epigenetic changes are crucial in the development of Acute Myeloid Leukemia (AML). These alterations do not alter the DNA sequence but instead influence gene expression and cellular activity, playing a role in the development and advancement of the disease. Here is a summary of the main epigenetic impacts identified in AML, according to the given search results. 
Crucial Epigenetic Changes in AML are as follow: 
Alterations in DNA Methylation
· Description: DNA methylation consists of adding methyl groups to cytosine residues, generally resulting in gene suppression. In AML, unusual methylation patterns may inhibit tumor suppressor genes and trigger oncogenes. 
· Consequences: In AML, global hypomethylation frequently occurs, resulting in the activation of typically silenced genes and aiding in leukemogenesis. [45,46]
Modifications of Histones 
· Description: Histone proteins experience numerous post-translational modifications, including acetylation and methylation, which change the chromatin structure and the accessibility of genes. 
· Consequences: Dysregulation of histone-modifying enzymes (such as histone deacetylases (HDACs) and histone methyltransferases) has been associated with AML, resulting in abnormal gene expression patterns. [47,48] 
Non-Coding RNAs
· Description: Non-coding RNAs, such as microRNAs (miRNAs), are vital in controlling gene expression after transcription. 
· Impacts: Changes in the expression of particular miRNAs have been associated with AML advancement and can influence cell growth and differentiation. [45] 
Modified Expression of Epigenetic Modulators 
· Description: Alterations in genes that code for epigenetic regulators (e.g., DNMT3A, TET2, IDH1/2) are commonly observed in AML patients. 
· Consequences: These alterations impair standard epigenetic control and aid in the clonal progression of leukemic cells. [49,50] 
Clinical Significance of epigenetic effect in AML
· Targeted Epigenetic Treatment: Since epigenetic alterations can be reversed, there is considerable enthusiasm for creating therapies aimed at these modifications. Agent types like hypomethylating agents (HMAs), including azacitidine and decitabine, are being studied for their potential to reverse atypical methylation patterns and return gene expression to normal levels. [46,51]
· Combination Treatments: The integration of epigenetic therapies with alternative treatments (such as chemotherapy or immunotherapy) could improve treatment effectiveness by counteracting resistance mechanisms linked to epigenetic dysregulation. [48] 
· Prognostic Markers: Recognizing particular epigenetic modifications could assist in classifying patients by their prognosis and customizing treatment approaches as needed. [46,47]
11. RISK FACTORS FOR ACUTE MYELOID LEUKEMIA (AML) 
The management of risk factors related to Acute Myeloid Leukemia (AML) centers on addressing underlying conditions, reducing exposure to identified risks, and employing preventive measures. Below is a summary of the principal risk factors and their associated treatment or management strategies given in figure 2. [36,37,38]

FIGURE 2 Risk factors for Acute Myeloid Leukemia (AML)

12. LATEST ADVANCEMENT IN AML TREATMENT
The latest advancement in Acute Myeloid leukemia treatment is represented on the figure 3.

FIGURE 3 Latest Advancement in AML Treatment

13. CONCLUSION
In conclusion, while the exact causes of AMML remain unclear, factors such as exposure to radiation and certain chemicals may increase risk. Routine blood tests can aid in early detection, and avoiding known risk factors is advisable. Current treatment strategies involve chemotherapy, targeted therapies, and supportive care to manage symptoms and improve prognosis. Continuous advancements in AML research are essential for enhancing treatment options and patient outcomes.
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Menin Inhibitors 41


Newly approved menin inhibitors target specific mutations, such as KMT2A and NPM1, marking a significant step forward in the treatment of AML.


Olutasidenib for R/R mIDH1 
AML 39


Olutasidenib has shown effectiveness in achieving remission in relapsed/refractory (R/R) mIDH1 AML, enabling patients to proceed to allogeneic hematopoietic stem cell transplantation (HSCT) with a 94% overall survival at 12 months. 


	



Combination Therapies 
               with Venetoclax	 40			











Ziftomenib and Bleximenib Combinations 42


Phase 1a trials have explored combining ziftomenib and bleximenib with intensive chemotherapy regimens like 7+3, showing promising results for newly diagnosed AML patients.


CAR-T Therapy Approvals 43


Advances in CAR-T cell therapy have led to its approval for earlier lines of therapy in AML, demonstrating safety and efficacy in real-world populations.


The combination of venetoclax with hypomethylating agents and cytarabine has demonstrated high response rates and MRD negativity in newly diagnosed AML patients, enhancing treatment efficacy.




















A new multi-drug algorithm using phosphoproteomics can accurately predict the best first-line treatments for newly diagnosed AML patients, improving treatment personalization.


Multi-Drug Algorithm for Treatment Prediction 44



Genetic Syndromes
Management: Genetic counseling and monitoring for early signs of AML in individuals with inherited syndromes (e.g., Fanconi anemia, Li-Fraumeni syndrome).
Preventive Measures: Regular health check-ups and screenings for blood disorders.


Environmental Exposures
Management:Reducing exposure to harmful chemicals such as benzene by using protective equipment in occupational settings.
Avoiding known carcinogens and ensuring proper ventilation in workspaces.
Preventive Measures: Public health initiatives to regulate hazardous substances in industries.


Previous Blood Disorders
Management: Close monitoring of patients with myelodysplastic syndromes (MDS) or other blood disorders for signs of progression to AML.
Preventive Measures: Treatment of underlying conditions to prevent transformation into AML.


Family History
Management: Genetic counseling for individuals with a family history of AML to discuss potential risks and screening options.
Preventive Measures: Awareness programs to educate families about symptoms and early detection strategies.


Lifestyle Factors
Management:Smoking cessation programs to reduce the risk associated with tobacco use.
Promotion of a healthy lifestyle, including a balanced diet and regular exercise.
Preventive Measures: Public health campaigns aimed at reducing smoking rates and promoting lung health.



Occupational Exposures
Management: Implementing workplace safety regulations to limit exposure to carcinogens like benzene.
Preventive Measures: Regular health screenings for workers in high-risk occupations to detect early signs of hematological malignancies.



TREATMENTS IN AML


Chemotherapy	Stem Cell Transplantation	Targeted Therapy	Supportive Care	Radiation Therapy	Salvage Therapy	Leukocytapheresis	0.4	0.25	0.15	0.1	0.05	0.05	0.05	




